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FODVVLILHGLQWRWZRJURXSV,QWKHILUVWJURXSDOORIWKHDQWLYRUWH[GHYLFHVZHUHFRPSRVHGRIIORDWLQJHOHPHQWVZKLOHLQWKHVHFRQG
JURXSWKHPDLQHOHPHQWZDVWKHDQWLYRUWH[GHYLFHGHILQHGLQWKHSUHYLRXVVWXG\DQGFRPELQDWLRQRILWZLWKGLIIHUHQWIORDWLQJ
HOHPHQWVKDYLQJYDU\LQJZLGWKVDQGPZKLFKKDYHFRQWLQXRXVVROLGRUSHUIRUDWHGSODWHV$VHULHVRIH[SHULPHQWVZLWK
WKHQHZDOWHUQDWLYHDQWLYRUWH[GHYLFHVZHUHFDUULHGRXWRQO\DWVRPHFULWLFDOXQLWRSHUDWLRQFDVHVDQGWKHLUGHWDLOHGUHVXOWVUHJDUGLQJ
WKHIRUPDWLRQRIYRUWLFHVZHUHLQYHVWLJDWHG
,QWURGXFWLRQ
7KHPDLQDLPRIWKLVVWXG\LVWRHYDOXDWHWKHIORZFKDUDFWHULVWLFVHVSHFLDOO\IRUPDWLRQRIWKHYRUWLFHVDWWKHLQWDNH
VWUXFWXUH7KHPLQLPXPDQGPD[LPXPUHVHUYRLUZDWHUOHYHOVDUHPDQGPUHVSHFWLYHO\7KHH[SHULPHQWV
ZHUHDOVRFDUULHGRXWIRUGLIIHUHQWXQLWRSHUDWLRQFDVHVDWWKHVHWZRGLIIHUHQWUHVHUYRLUZDWHUOHYHOVRIPDQG
PIRU4 PVWKUHHPDLQXQLWVDQG4 PVRQHVPDOOXQLW,QWKHPRGHOFRPPHUFLDOO\
DYDLODEOH39&SLSHVRIGLDPHWHUFPDQGFPZHUHXVHGIRUWKHSHQVWRFNVRIWKHPDLQXQLWVDQGVPDOOXQLW
UHVSHFWLYHO\
5HJDUGLQJWKH)LQDODQG$GGLWLRQDO5HSRUWVRI%H\KDQ'DPDQG+(33K\GUDXOLFPRGHOVWXGLHVRSWLRQVDUH
VXJJHVWHGIRUYRUWH[SUHYHQWLRQDWLQWDNHV$PRQJWKHPWKHILUVWDQGSUHIHUUHGRSWLRQLVWKHLQYHVWLJDWLRQRIIORDWLQJ
UDIWVJULGVGXHWRPRUHDGYDQWDJHVWKDQWKHRWKHURSWLRQV)RUWKLVUHDVRQVHYHUDOIORDWLQJUDIWVJULGVZHUHPDGHRI
ZRRGDQGRUSOH[LJODVVDQGWHVWHGRQWKHPRGHO)LJ
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([SHULPHQWDO6WXG\
7KHDQWLYRUWH[GHYLFHV LQYHVWLJDWHGFDQEHFODVVLILHG LQWR WZRJURXSV ,Q WKH ILUVWJURXSDOORI WKHDQWLYRUWH[
GHYLFHVDUHFRPSRVHGRIIORDWLQJHOHPHQWV)LJZKLOH LQ WKHVHFRQGJURXSWKHPDLQHOHPHQW LV WKHDQWLYRUWH[
GHYLFH)LJGHILQHGLQWKH)LQDO5HSRUWRI*|÷úHWDODZKLFKLVWKHPSURMHFWHGKHDGZDOOZLWKWKH
VHSDUDWLRQZDOOVEHWZHHQWKHXQLWVDQGFRPELQDWLRQRILWZLWKRWKHUIORDWLQJHOHPHQWVZKLFKDUHOLVWHGEHORZ*|÷ú
HWDOE
PZLGHFRQWLQXRXVVROLGSODWHPWKLFN
PZLGHFRQWLQXRXVSHUIRUDWHGSODWHSHUIRUDWLRQGLPHQVLRQVP[P[P
PZLGHFRQWLQXRXVSHUIRUDWHGSODWHSHUIRUDWLRQGLPHQVLRQVP[P[P)LJ
PZLGHFRQWLQXRXVVROLGSODWHPWKLFN
PZLGHFRQWLQXRXVVROLGSODWHPWKLFN
PZLGHFRQWLQXRXVSHUIRUDWHGSODWHSHUIRUDWLRQGLPHQVLRQVP[P[P
$QWLYRUWH[GHYLFHGHILQHGLQWKH)LQDO5HSRUWRI*|÷úHWDOD
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
)LJPZLGHFRQWLQXRXVSHUIRUDWHGSODWH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5HVXOWVDQG'LVFXVVLRQV
,Q RUGHU WR REVHUYH WKH SHUIRUPDQFH RI HDFK IORDWLQJ HOHPHQW DQG WKHLU FRPELQDWLRQV HDFK KDYLQJ DERXW 
VXEPHUJHQFHGHSWKRQWKHSUHYHQWLRQRIYRUWLFHVDVHULHVRISUHOLPLQDU\H[SHULPHQWVZHUHFRQGXFWHGDWUHVHUYRLU
ZDWHUOHYHORI5:/PDWVRPHFULWLFDOXQLWRSHUDWLRQFDVHV6RPHRIWKHUHVXOWVRIWKHVHH[SHULPHQWVZHUH
SUHVHQWHGLQ7DEOH7DEOHVKRZVWKHYRUWH[W\SHVREVHUYHGEHWZHHQSLHUVEZSLHUVDQGLQIURQWRIWKHIORDWLQJ
HOHPHQWVDQGZLWKLQWKHSHUIRUDWLRQVRIWKHSODWHVZKHQLQWDNHVRIDQGDUHDOOLQRSHUDWLRQ)URPWKHHYDOXDWLRQ
RIWKLVWDEOHFRQVLGHULQJWKHW\SHVRIYRUWLFHVREVHUYHGLWFDQEHVWDWHGWKDWWKHDOWHUQDWLYHGHYLFHVJLYHQLQWKHUGDQG
WKOLQHVZKLFKDUHPZLGHFRQWLQXRXVVROLGSODWHDQGRUSHUIRUDWHGSODWHVRIHDFKPZLGHPD\EHVHOHFWHG
DV WKHRQHVJLYLQJ WKHEHVWSHUIRUPDQFHFRPSDUHG WR WKRVHRIPDQGPZLGHFRQWLQXRXVVROLGSODWHVDQG
SHUIRUDWHGRQHV
$PRQJWKHVHFRQGJURXSRIDQWLYRUWH[GHYLFHVWKHRQHVKDYLQJWKHDQWLYRUWH[GHYLFHDQGRUSHUIRUDWHG
SODWHVRIHDFKPZLGHFDQEHSUHIHUUHGFRPSDUHGWRRWKHUVUHJDUGLQJWKHW\SHVRIYRUWLFHVREVHUYHG7KHVLPLODU
H[SHULPHQWVZHUHUHSHDWHGZLWKVRPHRIWKHIORDWLQJDQWLYRUWH[GHYLFHVDW5:/ PZLWKWKHXQLWVRIDQG
ZKHQWKH\ZHUHERWKLQRSHUDWLRQDQGZLWKWKHXQLWRIZKHQRQO\LWZDVLQRSHUDWLRQ7KHVHH[SHULPHQWVDOVRUHYHDOHG
WKDWWKHSHUIRUPDQFHRIWKHDERYHPHQWLRQHGDQWLYRUWH[GHYLFHVIURPWZRJURXSVZHUHZHOO7RFKHFNWKHYDOLGLW\RI
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PD[LPXPUHVHUYRLUZDWHUOHYHOVLPLODU
H[SHULPHQWVZHUHFDUULHGRXWDQGLWZDVREVHUYHGWKDWWKRVHVHOHFWHGDQWLYRUWH[GHYLFHVVKRZHGJRRGSHUIRUPDQFHV
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)RUWKLVUHDVRQERWKDOWHUQDWLYHVZHUHWHVWHGIRUGLIIHUHQWXQLWRSHUDWLRQFDVHV7KHUHVXOWVRIWKHREVHUYDWLRQV
ZHUHSUHVHQWHGDQGLWZDVVHHQWKDWH[FHSWWKHGRXEOHXQLWRSHUDWLRQFDVHRIDQGREVHUYHGW\SHVRIWKHYRUWLFHVLQ
ERWKDQWLYRUWH[GHYLFHVZHUHYHU\VLPLODUZLWKWKHODUJHVWYRUWH[W\SHRI6LQFHWKHODUJHVWYRUWH[W\SHRIZDV
REVHUYHGEHWZHHQWKHSLHUVRIXQLWDQGLQIURQWRIWKHDQWLYRUWH[GHYLFHRIPZLGHFRQWLQXRXVVROLGSODWH
SHUIRUDWHGSODWHVRIHDFKPZLGHWKHRWKHURQHKDYLQJSHUIRUDWHGSODWHVZKLFKZLOOEHQDPHGDVDQWLYRUWH[
GHYLFHLQWKHIROORZLQJVHFWLRQVPD\EHVHOHFWHGIRUWKHILQDOGHVLJQWREHLQWKHVDIHVLGH
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SODWHSHUIRUDWHGSODWHVRIHDFKPZLGH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7RVHHWKHSHUIRUPDQFHRIWKHDOWHUQDWLYHDQWLYRUWH[GHYLFHVHOHFWHGDVWKHEHVWDPRQJWKHRQHVJLYHQLQ*URXS
ZKLFKZDVWKHDQWLYRUWH[GHYLFHSHUIRUDWHGSODWHVRIHDFKPZLGHWREHFDOOHGDVDQWLYRUWH[GHYLFH
LQWKHIROORZLQJVHFWLRQVDVHULHVRIH[SHULPHQWVZHUHFRQGXFWHGIRUGLIIHUHQWXQLWRSHUDWLRQFDVHVWRFRPSDUH
WKHYRUWH[W\SHVREVHUYHGZLWKWKRVHRIDQWLYRUWH[GHYLFH)URPFRPSDULVRQRIWKHYRUWH[W\SHVDQGWKH
GLIILFXOWLHVWREHIDFHGLQWKHDSSOLFDWLRQRIDQWLYRUWH[GHYLFHDQGUHODWHGDGGLWLRQDOH[SHQVHVLWFDQEH
FRQFOXGHGWKDWWKHDQWLYRUWH[GHYLFHFDQEHVWDWHGDVWKHRQHWKDWVKRXOGEHVHOHFWHGLQWKHILQDOGHVLJQ
&RQFOXVLRQV
$VDILQDOFRQFOXVLRQLWFDQEHVWDWHGWKDWDQWLYRUWH[GHYLFHFDQEHXVHGLQWKHDSSOLFDWLRQLQVWHDGRIDQWL
YRUWH[GHYLFHIRUWKHSUHYHQWLRQRIYRUWLFHVFRQVLGHULQJERWKWKHW\SHVRIYRUWLFHVZKLFKZLOOIRUPDWWKHLQWDNHV
DQGWKHVLPSOLFLW\RIWKHGHYLFHIURPFRQVWUXFWLRQSRLQWRIYLHZ
%DVHGRQWKHDGGLWLRQDOH[SHULPHQWVFRQGXFWHGZLWKWKHSHUIRUDWHGSODWHVKDYLQJWKHSHUIRUDWLRQGLPHQVLRQVRI
P[P[P)LJLWZDVREVHUYHGWKDWXVHRIWKHVHSODWHVLQVWHDGRIWKRVHKDYLQJWKHSHUIRUDWLRQGLPHQVLRQV
RIP[P[PUHGXFHVWKHVWUHQJWKRIWKHURWDWLQJIORZZLWKLQWKHSHUIRUDWLRQV7KHUHIRUHLQWKHDSSOLFDWLRQ
LWLVUHFRPPHQGHGWKDWWKHSHUIRUDWHGSODWHVKDYLQJWKHVPDOOHUSHUIRUDWLRQVVKRXOGEHXVHG)LJXUHVKRZVWKHJHQHUDO
OD\RXW DQG VRPH VHFWLRQV RI WKH UHFRPPHQGHG DQWLYRUWH[ GHYLFH  LQ IURQW RI WKH LQWDNH VWUXFWXUH ,I WKH XQLW
RSHUDWLRQFDVHVFDQEHDGMXVWHGVRWKDWWKHXQLWVRIDQGZLOOQRWEHLQRSHUDWLRQDWWKHVDPHWLPHLQWKLVFDVHWKH
DQWLYRUWH[GHYLFHVKDYLQJDPZLGHFRQWLQXRXVVROLGSODWHSHUIRUDWHGSODWHVRIHDFKPZLGHZLWKWKH
SHUIRUDWLRQGLPHQVLRQVRIP[P[PFDQEHXVHGLQWKHDSSOLFDWLRQ
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$FNQRZOHGJHPHQWV
$XWKRUVDFNQRZOHGJH.DOHKDQ(QHUMLhUHWLPYH7LFDUHW$ùIRUSURYLGLQJILQDQFLDOVXSSRUWLQFDUU\LQJRXWWKLVZRUN
WKDW KDG EHHQ FRPPLVVLRQHG WR+\GURPHFKDQLFV /DERUDWRU\ RI&LYLO (QJLQHHULQJ'HSDUWPHQW0(78XQGHU WKH
FRQWUDFWQXPEHU
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